Thirty cases of atrial septal defect proved by cardiac catheterization, surgery, or postmorten examination have been investigated with the technic of intracardiac phonocardiography, which provided precise localization of the source of heart sounds and murmurs. The site and mechanism of origin of the many auscultatory signs in uncomplicated atrial septal defect and in cases of Lutembacher's syndrome, tricuspid atresia, and persistent atrioventricular canal were elucidated by direct intracardiac sound recordings and simultaneous external chest phonocardiograms.
THERE have been many recent reports of the auscultatory features of atrial septal defect and these have been reviewed both clinically and with the aid of chest phonocardiography. [1] [2] [3] [4] [5] [6] [7] The commonest auscultatory findings in uncomplicated atrial septal defect are a basal systolic ejection murmur, usually soft, and a wide, fixed splitting of the second sound over the pulmonary area. Less frequently an early blowing diastolic murmur is heard at the base and along the left sternal border iii the second and third left intercostal spaces. At the apex, or medial to it, systolic and diastolic murmurs may occasionally be present, together with an accentuated first sound. The systolic apical murmur is usually of regurgitant type (pansystolic) ; the diastolic apical murmur occurs in mid-diastole or in
presystole.
There appears to be no general agreement about the site and mechanism of production of these signs. The relative importance of various factors such as the flow across the atrial septal defect, the increased flow through the tricuspid and pulmonary valves, and the From the Cardiovascular Unit, Toronto Genera, Hospital and Department of Medicine, University of Toronto.
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The purpose of this study was to contribute to a better understanding of the site and mechanism of production of the altered heart sounds and murmurs in atrial septal defect with the help of intracardiac sound recording.
The technic originally described by Liewis et al. 8 Physiologic studies (right heart catheterization, dye-dilution studies, oximetry during exercise2)2-showed that all 24 patients with uncomplicated atrial septal defect had a predominantly left-toright shunt. Blood flow measurements obtained by the Fick principle showed that while the systeinic flow was within the normal range in all these cases, the pulmonary flow was 2 to 3 times the systemic flow in 8 instances, and over 3 times the systemic flow in the remaining 16 . In the 4 cases of Lutembacher's syndrome and persistent atrioventricular canal, the systemic flow was normal, while the pulmonary flow was over 3 times the systemic flow. In the 2 cases of atrial septal defect with associated tricuspid atresia, there was increased flow across the mitral valve.
The intracardiae phonocardiograms were recorded with the aid of a specially designed phonocatheter, a preamplifier,* and a phonocardiograph. 
RESULTS
In the analysis of the intracardiac phonocardiograms obtained in the cases of uncomplicated atrial septal defect, the following features were encountered.
Within the pulmonary artery were recorded an ejection type of murmur of varying intensity and a loud pulmonary closure occurring 0.04 to 0.06 second after the aortic closure ( fig. 1 ). During inspiration both the miurmur and the sound increased in intensity in 15 cases and remained unchanged in 9.
A further delay in the pulmonary closure during inspiration was observed in 2 cases.
Within A systolic murmur, localized within the pulmonary artery, was also the most common and striking intracardiac phonocardiographic abnormality observed in the present series. This was the only murmur recorded in 15 of the 24 cases of uncomplicated atrial septal defect. In simultaneous recordings from within the pulmonary artery and externally from the second and third left intercostal spaces, this murmur appeared with the same characteristics of frequency, shape, and duration ( fig. 9 ). The absence of any other systolic murmur in the 4 cavities of the heart and the close similarity between intraeardiac and external recordings confirm the idea that the basal systolic murmur On the intrapulmonary phonocardiogram, as in the external phonocardiogram, this murmur had the features of a flow murmur. It was high pitched, had a midsystolic accentuation, and ended before the pulmonary closure. Its intensity had good correlation with the estimated pulmonary blood flow and decreased considerably after surgical correction of the defect. The predominant factor in the mechanism of production of the basal systolic murmur in atrial septal defect therefore seems to be increased blood flow through the pulmonary valve.
In the 4 cases in which an early basal diastolic murmur was present on external recordings a similar murmur was recorded in the intracardiac phonocardiogram from the upper outflow tract of the right ventricle, suggesting pulmonary insufficiency as the mechanism of production of this murmur. This substantiates the hypothesis of Barber et al.1 and Leatham and Gray. 5 There is great diversity of opinion regarding the source and mechanism of the apical mid-diastolic and the presystolic murmnurs in atrial septal defect. The possibilities suggested are all associated mitral stenosis,16-18 flow across the septal defect, 1' 19, 20 and increased flow through the tricuspid valve.' 21 In this series diastolic apical murmurs were recorded on routine chest phonocardiograms in 10 cases, which included 2 cases of associated mitral stenosis and 2 cases of tricuspid atresia.
The intracardiac phonocardiogram was most helpful in localizing the source and mechanism of production of these apical diastolic murmurs. In the uncomplicated atrial septal defect presystolic and mid-diastolic murmurs were localized to the inflow tract of the right ventricle. This confirms the view that the murmurs originate at the tricuspid valve. Subsequent to the surgical correction of the defect, these murmurs disappeared in the intracardiac phonocardiogram, strongly suggesting that their mechanism of produe- tion is the inereased flow through the tricuspid valve.
In the 2 cases of tricuspid atresia the same mechanism of increased flow across the mitral valve probably accounts for the presence of the diastolic murmur in the inflow tract of the left ventricle.
In the case of Lutembacher 's syndrome with atrial fibrillation, a mid-diastolic murmur was recorded in the inflow tract of the left ventricle, although neither appreciable pressure gradient nor increased flow was demonstrable across the mitral valve. This intracardiac phonocardiographic finding alone led to the diagnosis of associated mitral stenosis, which was confirmed later at surgery. It is of interest that in this case a mid-diastolic murmur was present in the inflow tract of the right ventricle as well, probably due to increased flow across the tricuspid valve. It was not possible to differentiate this murmur on the chest phonocardiogram from the similar diastolic murmur recorded in the inflow tract of the left ventricle.
The intracardiac phonocardiographic features in persistent atrioventricular canal were a loud pansystolic murmur within the outflow tract of the right ventricle and a systolic regurgitant murmur in the artial chambers in the proximity of the atrioventricular valves. Flow due to an interventricular shunt is responsible for the former pansystolic murmur and the incompetence of the atrioventricular valves is responsible for the latter regurgitant murmur. In no instance, other than in these 2 cases of persistent atrioventricular canal, were murmurs recorded within the right or left atrium or during pullback of the sound catheter across the atrial septal defect, including the 4 cases in which, at surgery, strands across the defects were found. This observation probably means that the flow across the defect in either direction is silent. The intracardiac phonocardiographic observations of Soulie et al.10 and our previous experience15 agree with this conclusion.
Luisada and Testellil" and Liu and Jacono'2 recorded systolic and diastolic murmurs within the right atrium in cases of uncomplicated atrial septal defect. It was not possible to confirm these findings nor the other findings of Liu and Jacono'2 of duplication of the first sound within the pulmonary artery, fourth sound or presystolic murmurs within the pulmonary artery, and diastolic murmurs within the pulmonary artery. These authors used an entirely different technic for intracardiac phonocardiography22 which consisted of using glucose solution within a regular catheter as the carrier of sounds to a pressure transducer situated outside the body.
In many reports on intracardiac phonocardiography in atrial septal defeet1012, 15 accentuation of the first heart sound is not mentioned although this is considered a common feature on auscultation.5 23 The accentuation of the first heart sound on chest phonocardiography is due mainly to an increased intensity of the second main group of vibrations of the first heart sound.5 23 
